The enantioselective preparation of the two diastereoisomeric forms of 2,15-dihydroxycalamelene and 2-methoxycalamenene is here described. The (7S,10R) and (7R,10R) isomers of these natural products were synthesized starting from (5R,8S)-methyl-4-hydroxy-8-isopropyl-5-methyl-5,6,7,8-tetrahydronaphthalene-2-carboxylate and (5R,8R)-methyl-4-hydroxy-8-isopropyl-5-methyl-5,6,7,8-tetrahydronaphthalene-2-carboxylate, respectively, in turn preparable from ()-menthone and (+)-isomenthone. The NMR analysis of the obtained sesquiterpenes allow assigning (7R,10S) absolute configuration to the natural occurring 2,15-dihydroxycalamelene.
The sesquiterpenes having the generic calamenene framework (1) ( Figure 1 ) are widespread in nature and a large number of their hydroxylated derivatives have been described [1] . In spite of their quite simple chemical structures, the absolute and even relative configuration of these natural products is of difficult assignation. Indeed, the presence of two benzylic stereocentres gives rise to at least four stereoisomers. As a consequence, these compounds frequently occur in nature as a mixture of trans and cis diastereoisomers and the relative position of the methyl and isopropyl group is not easily ascertainable by NMR analysis. Therefore, the more reliable methods to assign absolute configuration to calamenene sesquiterpenes still rely on their stereoselective synthesis or on the chemical correlations with known compounds [2] . In this context, the case of 2,15-dihydroxycalamenene is noteworthy. This compound was isolated from the Malagasy tree Enterospermum madagascariensis whose heartwood is used in folk medicine [3] . Although its chemical structure was unambiguously established by means of 2D-NMR studies, the lack of synthesis of both diastereoisomers 2 and 3, even in racemic forms, does not allow confirmation of the proposed (7R,10R) configuration.
On the basis of our previous acquired experience on the stereoselective preparation of calamenene sesquiterpenes [4, 5] , we observed some discrepancies between the analytical data described for natural 2,15-dihydroxycalamenene and those recorded for similar cis-calamenene derivatives. More particularly, the 1 H NMR signals due to the methyl and isopropyl moieties have chemical shifts more similar to those belonging to the corresponding transderivatives such as (7S,10R)-calamenene [2] or (7S,10R)-2methoxycalamenene 4 [6] , which, however, have opposite signs of optical rotation. In addition, the latter ether was isolated from different marine gorgonians [7] [8] [9] , but only the trans-(7R,10S) isomer was present in these natural sources. A number of synthetic approaches to 2-methoxycalamenene have been reported so far [10] [11] [12] [13] , but none of them is enantioselective and the enantioforms of the cis-isomer 5 have not yet been characterized.
In order to determine the configuration of 2,15-dihydroxycalamenene, as well as to have access to 2-methoxy-calamenene stereoisomers, we set out a new and reliable stereoselective synthesis of compounds 2-5. We have already described [5] the enantiospecific transformation of the terpenes ()-menthone (6) and (+)-isomenthone (7) into phenol derivatives ()-8 and (+)-9, respectively ( Figure 2 ). The aromatic ring of the latter compounds was built up through a benzannulation reaction as a key step [14] , which does not involve racemization of the existing stereocenters. Therefore, in order to establish a chemical correlation between the menthone isomers and the above cited calamenene derivatives, we decided to transform the compounds ()-8 and (+)-9 into compounds 2-5. Accordingly, LiAlH 4 reduction of the compounds ()-8 and (+)-9 in diethyl ether afforded 2,15dihydroxycalamenene isomers ()-2 and (+)-3, respectively. The NMR analysis of the obtained diols showed a perfect agreement between the 1 H and 13 C chemical shift signals of compound 2 with those reported for natural 2,15-dihydroxycalamenene. In addition, we measured an optical rotation value of 46.9 (c 1, CHCl 3 ) for enantiopure 2. We thus demonstrated that natural 2,15-dihydroxycalamenene, having an optical rotation value of +26 (c 0.66, CHCl 3 ) is the (7R,10S) isomer and possesses an enantiomeric purity of about 50-55% ee. Phenolic sesquiterpenes occurring in nature with modest optical purity are not uncommon. We have already shown this feature during the synthesis of other bisabolane sesquiterpenes [15] [16] . This aspect can also explain why 2,15-dihydroxycalamenene extracted from Enterospermum madagascariensis is an oil, whereas we obtained crystalline material. Actually, a mixture of enantiomers could show a melting point very different from that of the corresponding enantiopure compound [17] .
Lastly, we transformed diols ()-2 and (+)-3 into 2-methoxy calamenene isomers ()-4 and (+)-5, respectively. The benzylic alcohols 2 and 3 were hydrogenated in methanol using palladium on charcoal as catalyst to give the corresponding 2-hydroxycalamenene isomers. The latter phenols were treated with dimethylsulfate and potassium carbonate in acetone at reflux to afford the desired methoxy derivative ()-4 and (+)-5 in good yield. The analytical data of ()-4 were in complete agreement with those recorded for natural 2-methoxycalamenene, with the exception of optical rotation data that showed a comparable value and opposite sign. Otherwise, enantiopure cis-methoxy-calamenene (5) is described here for the first time.
In conclusion, we described the enantioselective preparation of the two diastereoisomeric forms of 2,15-dihydroxycalamelene and 2-methoxycalamenene. Since the used chiral building blocks are preparable starting from ()-menthone and (+)-isomenthone, which are available in both enantioforms, the formal synthesis of all the enantiomers of these sesquiterpenes is accomplished. The NMR analysis of the obtained diol 2 allows assigning (7R,10S) absolute configuration to the 2,15-dihydroxycalamelene extracted from Enterospermum madagascariensis. (6) and (+)-isomenthone (7) respectively, according to our previously reported procedure [5] .
(5S,8R)-3-(Hydroxymethyl)-5-isopropyl-8-methyl-5,6,7,8tetrahydronaphthalen-1-ol (2):
A solution of ester ()-8 (0.5 g, 1.91 mmol) in dry diethyl ether (5 mL) was added dropwise to a stirred suspension of LiAlH 4 (140 mg, 3.7 mmol) in dry diethyl ether (20 mL) under reflux. As soon as the starting ester was completely transformed into the diol 2 (TLC analysis) the reaction was cooled (0°C), diluted with further diethyl ether (50 mL) and quenched by dropwise addition of diluted HCl aq. (3%, w/w, 30 mL). The organic phase was separated, the aqueous phase was extracted again with ethyl acetate (40 mL) and the combined organic phases were washed with brine, dried (Na 2 SO 4 ) and concentrated in vacuo. The residue was purified by chromatography using n-hexane/diethyl ether (9:11:1) as eluent to give pure ()-2 (0.4 g, 90% yield) as a colorless oil, which crystallized on standing. MP: 138-139 ºC.
[α] D : 46.9 (c 1, CHCl 3 ). 1 in MeOH (20 mL) was hydrogenated at rt and atmospheric pressure using Pd/C (10%, w/w) as catalyst. As soon as the starting diol was completely transformed (TLC analysis, 1 h) the catalyst was removed by filtration, the organic phase was dried (Na 2 SO 4 ) and concentrated in vacuo. The residue was dissolved in acetone (15 mL) (1R,4R)-1-Isopropyl-5-methoxy-4,7-dimethyl-1,2,3,4tetrahydronaphthalene (5): According to the procedure described above, the hydrogenation of diol (+)-3 (0.34 g, 1.45 mmol), followed by methylation with Me 2 SO 4 in the presence of K 2 CO 3 , afforded methoxy-calamenene (+)-5 (0.21 g, 62% overall yield).
[α] D : +47.7 (c 2, CHCl 3 ). 1 
